Characterization of the membrane-destabilizing properties of different pH-sensitive methacrylic acid copolymers.
The intracellular delivery of active biomacromolecules from endosomes into the cytoplasm generally requires a membrane-disrupting agent. Since endosomes have a slightly acidic pH, anionic carboxylated polymers could be potentially useful for this purpose since they can destabilize membrane bilayers by pH-triggered conformational change. In this study, five different pH-sensitive methacrylic acid (MAA) copolymers were characterized with respect to their physicochemical and membrane lytic properties as a function of pH. pH-dependent conformational changes were studied in aqueous solution by turbidimetry and spectrofluorimetry. The hydrophobic domains that formed upon a decrease in pH were found to be dependent on copolymer's composition. Hemolysis and cytotoxicity assays demonstrated that the presence of the hydrophobic ethyl acrylate monomer and/or sufficient protonation of the carboxylic acid groups were important parameters for efficient membrane destabilization. Excessive copolymer hydrophobicity was not associated with membrane destabilization, but resulted in high macrophage cytotoxicity. Overall, this study gave more insights into the structure-activity relationship of MAA copolymers with membrane bilayers. Gaining knowledge of modulation of the physicochemical properties of copolymers and the optimization of copolymer-lipid interactions may lead to the elaboration of much more efficient drug delivery systems.